A study was conducted to find out the effect of citric acid on total monomeric anthocyanins and antioxidant activity of liquor made from unprocessed purple-leafed TRFK 306 Kenyan tea, brewed at various time/temperature combinations. Most purple tea consumers usually brew the tea leaves then add some lemon juice before consuming it. Citric acid was used here to mimic the use of lemon juice. Documentation on the quality of such a brew is scanty and the effect of acid on its quality is equally scanty. The current study used brewing time/temperature combinations of 5, 10 and 15 minutes with 70˚C and 92˚C drinking water. Total monomeric anthocyanins were analysed using UV-1800 spectrophotometer (Shimadzu, Japan) while DDPH method was used to assay for antioxidant activity. Citric acid concentration of 0, 0.1% to 0.5% was used to check their effect on the brews with the highest total anthocyanins and antioxidant activity. The results showed that brewing temperature of 70˚C had 9.5 mg/L to 27.7 mg/L, with 5 minutes brewing time being the highest. Temperature of 92˚C had 37.5 mg/L to 92 mg/L with 5 minutes brewing time having the highest total monomeric anthocyanins. Antioxidant activity of 92˚C brewing temperature ranged from 90.7% to 92.0%. Total monomeric anthocyanins increased with increased citric acid concentration up to 0.3% before it decreases while for antioxidant activity, it decreased with addition of citric acid. It was concluded that for maximum anthocyanins extraction, 5 minutes brewing time is the best while ten minutes brewing time could give optimum antioxidant activity.
Introduction
Tea (Camellia sinensis) (L.) O. Kuntze) has remained Kenya's leading foreign exchange earner for some years now with revenue rising to 140 billion Kenya shillings in 2018 [1] . The production has steadily been increasing over the years and it is projected to increase in the future. Tea prices are driven by supply and demand, and this calls for the tea industry to be cautious and diversifies its products especially those meant for exports. A study by Omari [2] concluded that Kenya's tea has very low product diversification and value addition compared to competitors contributing to poor performance globally [3] . Tea directorate noted that Kenya exports over 99% of her teas as black Cut, Tear and Curl (CTC), out of which 88% is exported in bulk form while the rest as value-added tea, an indication that there are limited value addition and product range. The Tea Research Institute, Kenya has developed an Assamica tea cultivar rich in anthocyanin coded TRFK 306 whose leaves have a purple appearance [4] . There are several purple leaf coloured teas which have been identified and researched in various tea growing countries [4] - [12] . The purple teas are a bred of Camellia sinensis and related tea cultivars [4] [6] . The purple-leaf tea cultivars have been studied for both the chemical composition of tissues and molecular mechanisms of colour formation. A number of studies have characterised anthocyanin contents in purple-leaf tea cultivars [6] [7] [9] ). TRFK 306 is an interspecific hybrid between a tea plant (Camellia sinensis) and a brick-red pigmented non-cultivated (Camellia irrawadiensis) which is rich in anthocyanin but not suitable for processing of palatable tea products [13] . The clone has been undergoing improvement process for the last 30 years and further works on the content and antioxidant value of their anthocyanins are still in progress [13] . Special attributes of TRFK 306 include drought, frost, disease and pest resistance; high yield similar to the standard control and commercial clone TRFK 31/8; and wider adaptability [13] . The new purple clone which has been released for commercialization can be processed just like the green clones into any desired tea type and can also be utilized unprocessed. A recent study [14] found out that modification of the product either through value addition; repackaging, blending or flavouring would not have a significant influence on the competitiveness of the Kenyan tea in the global market. Optimization of brewing regimes of fresh purple-leafed teas could open alternative and cheap utilization of purple tea leaves which could be sold like fresh cut flowers. This diversification of utilization will create a wider market for this new tea variety and hence more revenue. Previously [15] proposed the need to explore alternative uses of tea in order to grow the demand for the crop. 
Materials and Methods

Raw Materials
Fresh TRFK 306 purple tea leaves were plucked from the fields of the Tea Research Institute (TRI). All the samples were sampled from the Timbilil Estate of TRI, Kericho (0˚22'S, 35˚21'E, elevation of 2180 m above mean sea level).
Brewing of the Liquor
Freshly plucked youngest two leaves and a bud of purple coloured tea weighing 50 g were put into a 1.5 L thermos flask and mixed with 1000 mL of drinking water having varying brewing temperature of 70˚C ± 1˚C, 90˚C ± 1˚C and boiling point (92˚C ± 1˚C). The ratio of tea leaves to boiling water used was 1:20 similar to what [16] used. For each temperature, there were three samples timed at 5 minutes, 10 minutes and 15 minutes brewing time, each in separate thermos flask. To ensure fewer temperature variations, two thermos flasks were used per experiment such that the hot water was kept in another thermos flask and brewing was done in another thermos flask. A preliminary study was done using 70˚C ± 1˚C, 90˚C and boiling point (92˚C ± 1˚C) with the three timing durations, then later on based on the results, 70˚C was ignored for antioxidant activity assay since we could not record significant total solids which correlate to the required volume of the sample for analysis. As for 90˚C, the results were similar to those for 92˚C and were also ignored in both antioxidant and anthocyanin assays. For total monomeric anthocyanins, 70˚C and 92˚C (boiling point) were adopted. Total monomeric anthocyanins, antioxidant activity and the effect of citric acid on these two quality parameters were then determined according to the procedures described below.
Analysis of Total Monomeric Anthocyanins
Quantification of total monomeric anthocyanins was done using pH differential method [17] .
Effect of Citric Acid Concentration on Total Monomeric Anthocyanins
This was done after getting the results of total monomeric anthocyanins using various time/temperature combinations. A 5 minute brewing time using boiling water was used for the experiment because of relatively higher total monomeric anthocyanins obtained. Once the brew was ready, food grade citric acid of 0.1, 0.2, 0.3, 0.4 and 0.5 g were added to a 100 mL of the brew and determination of total monomeric anthocyanins using the protocol cited in 2.3 above was done.
Analysis of Antioxidant Activity Using DPPH Radical Scavenging Method
A modified method of [18] was used to assay for the antioxidant activity of the brew. 
Effect of Citric Acid on Antioxidant Activity
When the results of antioxidant activity had been obtained, a brew timed at ten minutes was used to check the effect citric acid concentration. Ten minutes was used since it had marginally higher percentage though not statistically significant (p < 0.05) from the other two timings (5 and 15 minutes). Once the brew was ready, food grade citric acid of 0.1, 0.2, 0.3, 0.4 and 0.5 g were added to a 100 mL of the brew to mimic the addition of lemon juice by the consumers. Analysis of antioxidant activity was done following the above described procedure in 2.5 to check the effect of the citric acid. Citric acid is a dominant organic acid in lemon fruits hence the choice of the acid, moreover, citric acid is also safe for human consumption [19] . Purple tea consumers usually add lemon juice to the brew from fresh purple tea leaves with sole purpose of improving its colour.
Determination of pH of the Liquor
A pH meter (OAKLON pH 700-pH/Mv/oC/oF meter) was used to measure the pH of each sample at room temperature and values were recorded accordingly.
Determination of pH was necessary since addition of citric acid was expected to increase the acidity of the brew.
Results and Discussion
Total Monomeric Anthocyanins and Antioxidant Activity by DPPH Radical Scavenging Method
The results of total momomeric anthocyanins and antioxidant activity are presented in Table 1 . There were significant differences (p < 0.05) within and between time/temperature combinations. Liquor brewed at 70˚C irrespective of the timing had less total monomeric anthocyanins than liquors brewed at boiling temperature. The highest level recorded at 70˚C brewing temperature was 27.72 mg/L which was lower than the lowest recorded using boiling temperature, 37.54 mg/L, though not significantly different (p < 0.05). The highest anthocyanin levels were recorded in liquors brewed for five minutes using boiling drinking water with 92.02 mg/L and the levels decreases with increase in brewing time. There was no significant difference (p < 0.05) in antioxidant activity though brewing at ten minutes showed a relatively higher antioxidant activity. The highest recorded antioxidant activity was 92.0% in liquors brewed for ten minutes using boiling water. There was a slight increase in antioxidant activity when brewed for ten minutes instead of five minutes.
The results showed that anthocyanins were detected in the liquors brewed from fresh unprocessed Kenyan purple-leafed teas. The results agree with the findings of [7] . All the samples were subjected to heat treatment using hot water thus inactivating the enzyme polyphenol oxidase inherent in tea leaves which can degrade anthocyanins [20] . The study also confirmed that anthocyanins in tea leaves can be extracted using hot water [21] . Brewing with boiling water at 5 minutes had relatively higher anthocyanins than brewing for 10 or 15 minutes. The findings corroborate the findings of [22] where they found higher anthocyanins when brewing was done between 5 and 7 minutes. Anthocyanins can also be extracted using methanol, ethanol, acetone, water or a mixture of these solvents [23] . Anthocyanins are relatively unstable pigments, and temperature is the main factor that triggers the degradation of the anthocyanins [24] . Otherwise, other factors including their chemical structure, pH, and presence of light, ions, enzymes or oxygen can trigger their degradation [25] . Liquors brewed at 70˚C, had relatively fewer amount of anthocyanins even at 15 minutes timing compared to liquors brewed with boiling water. This could be because high extraction temperatures improve extraction efficiency. The high heat renders the cell walls more permeable facilitating extraction and increasing the solubility and diffusion coefficients of the tea components [26] . The experiment was mimicking how people currently brew unprocessed purple tea but based on the known degradation of anthocyanin at high temperatures [27] , the study wanted to find out if water at 70˚C could be sufficient. Anthocyanins levels irrespective of brewing regime, decreases with increase in time taken. The decrease in anthocyanins concentration with increase in brewing time could be because of degradation of anthocyanins with prolonged boiling which agrees with what was found by [28] .
The antioxidant activity results showed that the Kenyan unprocessed purple clone has higher antioxidant potency than even some green teas found in other parts of the world displayed by [29] . In their research, they found antioxidant activity ranging from 60% to 70% lower than what this study found. The data from this study showed, there was no significant difference at (p < 0.05) (Table  1 ), in brewing time, though 10 or 15 minutes, resulted in better liquors with higher antioxidant activity than brewing for five minutes. This could be because of better extraction of polyphenols. Total polyphenols are water soluble and have antioxidant activity [30] . There is a need for more research on this to know exactly which compounds are contributing to high antioxidant activity at 10 and 15 minutes.
Effect of Citric Acid on Total Monomeric Anthocyanins
The results of total monomeric anthocyanins at various acid concentrations are Figure 1 below. The least concentration of 0.1 g/100mL citric acid had higher total monomeric anthocyanins, 103.36 mg/L, than the brew without citric acid which had 92 mg/L ( Figure 1 and Table 1 ) respectively. The content of total monomeric anthocyanins increased with increase in citric acid concentrations up to 0.3 g before it marginally dropped (Figure 1 ).
Addition of citric acid increased the content of total monomeric anthocyanins in the brew made from freshly plucked TRFK 306 tea leaves up to a concentration of 0.3 g/100mL (Figure 1) before it marginally decreased. The total monomeric anthocyanins increased with increasing citric acid concentration up to 0.3 g. The pH values also decreased from 5.3 (without citric acid) to 2.5 (with 0.5 g citric acid) ( Table 2 ) with addition of citric acid. This is because the acid increased the hydrogen ion concentrations in the solution lowering pH values. The increase in total monomeric anthocyanins with addition of citric acid up to some point concurs with the findings of [31] . These researchers found out that presence of ascorbic acid aided to retain higher anthocyanin content than the control. They also argued that copigmentation with ascorbic acid aided to retain a higher anthocyanin content than the control. In another study by [32] , they found out that addition of citric acid to Jamblang peel increased the total phenol [33] found out that decreasing the pH increased the anthocyanin content in pure mulberry juice. They justified the observation by saying that structurally, anthocyanins are more stable under acidic conditions than neutral or alkaline conditions. In the current study, the results showed a decline of total monomeric anthocyanins with addition of 0.4 g and 0.5 g citric acid. This could be because more citric acid increases the release of other compounds which has the counter effect of lowering the purity of the extract and decreasing in the anthocyanin content [34] .
Effect of Citric Acid on Antioxidant Activity
Since the results of boiling point (92˚C) timed at ten minutes showed higher antioxidant activity, the investigation on effect of citric acid was timed as such. The results are presented in Figure 2 . The brew with no citric acid added had an antioxidant activity of 88.5% which was higher than the rest. The antioxidant activity decreases with increasing citric acid concentration where 0.5 g had the lowest antioxidant activity of 39.96%. There was a significant difference at (p < 0.05) in the antioxidant activity at various citric acid concentrations.
Hot water was used in the current study to extract the phenolic compounds because most are soluble in water [35] . The results showed that there was a significant decrease in antioxidant activity when citric acid concentration was increased. This is so because when water is used in the extraction, like in this case, the addition of citric acid concentration decreases the antioxidant activity unlike when alcohol is used in the extraction [32] [36] . Earlier studies [37] [38] [39] explained this phenomenon by arguing that, the free form of phenolic compounds obtained from water extraction might have been destroyed by acid and hence reduction in the antioxidant activity. The results of the current study corroborate the findings of [40] , who found out that addition of lemon to tea brew reduces its antioxidant activity. Citric acid is a weak organic acid that occurs naturally in various fruits and vegetables, especially citrus fruits including lemon [41] . Citric acid is a secondary antioxidant that is often added to foods in combination with primary antioxidants, therefore, yielding synergistic effect to increase the activity of primary antioxidants [32] [42].
pH Values
The pH values on addition of various citric acid concentrations are depicted in Table 2 . Plain liquors without citric acid added had 5.3 and 5.4 pH values from those liquors brewed for 5 and 10 minutes, respectively. The pH values decrease with increase in citric acid concentration.
The pH values decreased with increase in citric acid addition because the acidity increased. Brew without citric acid had a pH of 5.3 and 5.4 while the brew with 0.5 g had 2.4 and 2.5 from liquors brewed for 5 and 10 minutes, respectively. The pH values will always increase (basic) or decrease (acidic) depending on the changes of hydrogen ions concentrations whether decreasing or increasing, respectively.
Conclusion
The finding of this study has revealed that boiling hot drinking water can be used to get liquor with high antioxidant activity timed at 10 minutes from freshly plucked unprocessed purple tea leaves and citric acid should not be added. The findings also revealed that, for maximum anthocyanins levels from unprocessed purple tea leaves, brewing using boiling drinking water timed at five minutes is the best. It is also emerging that the addition of citric acid more than 0.3% reduces the amount of anthocyanins in a brew made from fresh purple tea leaves.
